We investigated the influence of white-tailed deer (Odocoileus virginianus) and snowshoe hare (Lepus americanus) availability on the feeding habits of coyotes (Canis latrans) in Nova Scotia from 1992 to 1997. We hypothesized that coyotes would switch from deer to hare as hare abundance increased. Based on the analysis of 2443 scats, deer and hare were the dominant food items. Other important food items included small mammals, and fruits during late summer. In areas where they were readily available, coyotes fed predominantly on hare during winter, with the use of deer declining as hare density increased. However, the functional response was not proportional to the changes in the relative densities of deer or hare. This was particularly evident at low deer densities, where coyotes continued to feed largely on deer, even in the presence of high hare densities. The consumption of deer fawns during June and July exceeded that of hare in all areas, despite high hare densities in some areas. Overall, high use of deer appeared to have been associated with increased vulnerability due to winter severity or, in the case of young fawns, inability to escape. During mild winters, we suspect that coyotes are forced to focus their hunting efforts on prey other than deer, regardless of density, owing to low vulnerability of deer. When severe winter conditions occur, coyotes switch to feeding mainly on deer.
Successfully exploiting a fluctuating food base requires plasticity with regards to foraging behaviour, space use patterns, and even social organization of the predator (Bergerud 1983; Peek 1986 ). Throughout North America, the coyote (Canis latrans) exhibits such plasticity (Parker 1995) . The ability of the coyote to change its diet both spatially and seasonally in response to changing prey availability (Clark 1972; Todd and Keith 1983; Parker 1986 ) has been implicated, along with landscape changes, in its recent and successful expansion throughout northeastern North America (Moore and Parker 1992; Samson and Crête 1997) .
Throughout most of the northeast, the coyote must contend with lower prey diversity and abundance relative to its western counterparts (Harrison 1992; Parker 1995; Patterson 1995) . As a result, two prey species, the white-tailed deer (Odocoileus virginianus) and snowshoe hare (Lepus americanus) , have become the staple prey of the eastern coyote (Messier et al. 1986; Parker 1986; Patterson 1994 Patterson , 1995 . Larger body size (Larivière and Crête 1993; Parker 1995) and a greater tendency to hunt in extended family groups during winter (Messier and Barrette 1982; Harrison 1992) have both been related to the high use of white-tailed deer by eastern coyotes (Messier et al. 1986; Harrison 1992; Larivière and Crête 1993) .
In northern New Brunswick, Parker (1986) found that the snowshoe hare was the most important prey species of coyotes, with hare remains varying seasonally from 50 to 80% occurrence in scats. Alternatively, several studies conducted in the northeast (Messier et al. 1986; Brundige 1993; Poulle et al. 1993; Patterson 1995) have reported ≥ 80% occurrence of white-tailed deer in coyote scats collected during winter. The occurrence of deer in coyote scats is typically at its lowest in the autumn (10-30% depending on locality). Raspberries (Rubus spp.), blueberries (Vaccinium spp.), and other vegetation are also important food items, where available, during their respective seasons (Harrison and Harrison 1984; Parker 1986; Samson and Crête 1997) . Harrison and Harrison (1984) and Knowlton and Stoddart (1992) suggested that when readily available, fruit could act as a buffer species and thereby reduce predation on deer during summer. Conversely, Samson and Crête (1997) suggested that the high use of fruit by coyotes during summer in the Gaspé Peninsula, Quebec, was due to the scarcity of mammalian prey species.
The functional response of a predator describes how the number of a particular prey species eaten per predator changes with prey density (Holling 1959) . A type III functional response occurs where the number of prey eaten per predator increases slowly at low prey densities, increases rapidly at intermediate prey densities, and then levels off at high prey densities, producing an S-shaped curve. Often, this S-shaped curve is attributed to prey switching (Murdoch 1969; Akre and Johnson 1979) , whereby the focus of a predator is switched from one prey type to another only after the "new" prey species increases beyond some threshold density. Prey switching may have a potentially stabilizing effect on prey populations because the proportion of the new prey type taken by predators increases with prey abundance (Murdoch 1969; Hughes and Croy 1993) .
The alternative prey hypothesis (Keith 1974; Angelstam et al. 1984 ) describes a shift in predation pressure on various prey species whereby predators switch to alternative prey when numbers of their primary prey are low. In Alberta, snowshoe hare biomass in the diet of coyotes changed from 0 to 77% between 1964 and 1975 , largely as a result of changing hare density (r 2 = 0.94) (Todd et al. 1981) . In northern New Brunswick, coyotes switched from feeding primarily on hare during early winter to deer in February and March, despite no apparent decrease in hare abundance (Parker and Maxwell 1989 ). An increase in deer vulnerability resulting from dense snow cover was cited as a principal cause of this switch (see also Messier and Barrette 1985) . Parker (1986) suggested that in years of hare scarcity, coyote productivity would decline and predation upon white-tailed deer would increase, especially upon young fawns in early summer and within deer yards in mid and late winter.
Herein, we document changes in coyote feeding habits in relation to the relative densities of white-tailed deer and snowshoe hare in two ecosystems in Nova Scotia from 1992 to 1997. We hypothesized that coyotes would switch from deer to hare as hare density increased, as predicted by the alternative prey hypothesis.
The study was conducted in two areas representing the extremes in Nova Scotian winter weather (Fig. 1) . The Queens County (QC) study area was located in central southwestern Nova Scotia (44°20′N, 65°15′W). The study area included the eastern half of Kejimkujik National Park (approximately 200 km 2 ) and approximately 300 km 2 of mostly forested land directly to the east of the park. This area was characterized by flat undulating terrain with poor drainage, resulting in many lakes and ponds. Elevation ranged from 100 to 175 m.
The vegetation was characterized by spruce (Picea spp.), balsam fir (Abies balsamea), eastern hemlock (Tsuga canadensis), and heath cover types growing on the flat land between drumlins and eskers, with hardwood and pine (Pinus spp.) stands occupying the well-drained knolls and ridges. Agricultural fields were concentrated near the few main roads atop drumlins.
The climate of this region was characterized by warm summers typified by 1700 annual degree-days >5°C and cool winters averaging -5°C in January, with moderate snowfall (Dzikowski et al. 1984) . This area does not generally receive accumulations of snow in winter >20 cm, therefore local deer do not show typical yarding behaviour (MacDonald 1996; Lock 1997) .
The Cape Breton (CB) study area was located on Cape Breton Island (45°45′N, 61°15′W) and straddled two natural history theme regions (Simmons et al. 1984) . The Creignish Mountains represented the Avalon Upland (Cape Breton Highlands, CBH) section of the study area, whereas the River Denys Basin represented the Carboniferous Lowlands section (Cape Breton Lowlands, CBL).
This study area was centered around the 24-km 2 Eden deer wintering area, which typically contained approximately 200 deer from January through to March (B.R. Patterson, unpublished data). The northern section of the study area reaches a height of >300 m and slopes sharply at its southern fringe. The mid and upper slopes were mainly undisturbed tolerant hardwood forest of yellow birch (Betula alleghaniensis), sugar maple (Acer saccharum), and American beech (Fagus grandifolia), whereas the upland surface was covered with naturally occurring and second-growth coniferous stands. Repeated disturbance of the lowland forest has resulted in softwood and intolerant cover types predominating, interspersed with agricultural fields and recent clearcuts. The lowland area slopes gently to the south, with an average elevation of <100 m.
The climate in this region is generally more moist, with approximately the same annual degree-days >5°C (1600) as the QC study area (Dzikowski et al. 1984) . The higher elevations, lower slopes, and abutting lowland fringe in the northern section of the study area receive 250-300 cm of snow annually, whereas the lowland areas receive 200-250 cm of snow annually (Gates 1975) . Similarly, median duration of snow cover varies from 140 days on higher elevations to 130 days on lower elevations (Gates 1975) . This contrasts with a median duration of snow cover of only 59 days in the QC area.
Deer and hare distribution and abundance
The relative abundance of white-tailed deer was determined within each study area using pellet group counts conducted along approximately thirty 1000 × 2 m systematic line transects during April and May of each year of study (Neff 1968) . Although the use of pellet group counts as an index of deer numbers has been criticized (Fuller 1991 (Fuller , 1992 , pellet group counts in Nova Scotia were closely related to the autumn harvest in 1983-1992 (r 2 = 0.87, P = 0.001) (B.R. Patterson, unpublished data). Regional trends in hare density were estimated using subjective fur harvester abundance rankings (Sabean 1990 ) obtained from licensed fur harvesters dur-ing winters (December-March) from 1990 through 1997. Hare abundance rankings were highly correlated with provincial hare harvest (r 2 = 0.83, P = 0.004) (B.R. Patterson, unpublished data), suggesting a close relationship with actual density. During spring 1996 and 1997, relative hare density was also estimated using pellet counts within 1 m radius circular plots placed every 100 m along the deer pellet transect lines. Deer and hare density estimates within individual coyote territories (B.R. Patterson, unpublished data) were obtained for both study areas during the spring of 1996 and 1997. During those years, each coyote territory contained an average of 8.5 ± 0.9 (SE) transect lines. Because of limited deer pellet count data in 1992 and 1993, we used provincial pellet count data collected from the region surrounding each study area (Nova Scotia Department of Natural Resources (NSDNR), unpublished data). These regional areas were climatically and vegetatively similar to the actual study areas. Deer pellet count data were transformed to actual density estimates. We assumed a daily defecation rate of 16 pellet groups per day per deer and an average date of leaf fall of November 1. Relative hare density within territories and study areas is reported as pellets per plot unless otherwise noted. Although the use of pellet counts to estimate hare densities must be approached with caution (Eaton 1993) , for purposes of comparison we used the empirical relationship hares/ha = 0.0608 × number of pellets/m 2 to estimate the relative density of hares in each territory (Krebs et al. 1987; Eaton 1993) . We estimated the density of hares within territories during summer 1996 by averaging the density estimates obtained during winter 1996 and 1997.
We used the raw pellet group inventory data to estimate the relative summer density of deer in territories within CBH. Because approximately 60% of the deer wintering in the Eden deer wintering area were seasonal migrants from other areas (MacDonald 1996), we multiplied the winter deer density estimates for the Eden territory by 0.4 to estimate summer densities of deer. All density values are reported ±1 SE. Relative deer and hare pellet densities were compared between study areas and coyote territories using the Kruskal-Wallis one-way ANOVA (Zar 1996) . Significant differences between mean ranks were determined using a nonparametric Tukey-type comparison (Zar 1996) .
While conducting the deer pellet group counts, we tallied all pellet groups deposited after leaf fall (assumed to be November 1). Considering that most deer in CBH migrated to wintering grounds in CBL by early January (MacDonald 1996), the pellet counts likely overestimated the number of deer actually wintering in CBH between January and March, when the bulk of winter fieldwork was conducted. To obtain further information on the relative winter distribution and abundance of deer in CBH and CBL and to define the limits of the Eden deer wintering area, an aerial survey was conducted in mid-February 1997. The survey was flown using a Hughes 500 helicopter in conjunction with the Air Services Division of the NSDNR. The survey crew consisted of one navigator (in the front seat) and two spotters (in the back seat). The study area was divided into a series of north-south grid lines spaced 500 m apart. Grid lines were flown at an altitude of approximately 100 m and an air speed of 100 km/h. The navigator asked the spotters for a relative deer abundance score every 500 m based on the following criteria: 0 = no sign of deer tracks, 1 = one or more scattered tracks, but no trails, 2 = several tracks, with at least one definite trail, 3 = extensive trail network evident. Based on these data, we generated a density map delineating zones containing similar densities of deer within the CB study area (Fig. 2 ). This information was supplemented with observations made during many (>15) less formal aerial surveys conducted during January-March 1995-1997.
Scat analysis
Scats were collected at regular time intervals, generally every 2 weeks, or more often in frequently travelled areas, from July 1992 through March 1997 in the QC study area and from January 1995 through March 1997 in the CB study area. Scats were also collected opportunistically while snow-tracking radio-collared coyotes in both study areas during winter. Based on segment diameter and length (Murie 1954) , and associated tracks and scrapes, we discarded any scats that could not be positively identified as being from coyote.
Scats were washed in nylon stockings after being boiled for at least 10 min to kill any bacteria, parasites, or eggs. The contents of each scat were separated by species and identified by comparison with a reference collection. Unknown hair samples were identified by macrofeatures and microscopic identification of cuticular scale patterns using the method outlined by Adorjan and Kolenosky (1969) . Because of the high possibility for error in small mammals and songbirds, these prey species were placed in the general categories of small mammals and birds. The relative volume of each prey item in each scat was estimated to the nearest 5%. Items occurring in trace amounts were assigned a value of 5%. We summed the percentage values to calculate the number of whole scat units associated with each prey item. These frequency data were used in the statistical analyses. We divided the year into five seasons for the analyses (April-May, June-July, August -September 15, September 16 -November 30, and December-March).
Although physical evidence such as hooves, teeth, and spotted fur positively identified the remains of newborn fawns in some summer scats, we did not always distinguish between the hair of fawns and that of adults using cuticular scale patterns. We therefore attributed 50% of the unclassified deer hair (approximately 40% of summer deer hair was unclassified) in scats from June through August as belonging to fawns. Because the hair of fawns and adult deer is difficult to distinguish after August, the ratio of fawns to adults consumed by coyotes from September through May was estimated from the proportion of fawns in the total sample of deer killed by coyotes during winter in each study area (as observed during winter snow-tracking).
Although scat analyses receive widespread use as a means of determining the diet of carnivores, the degree to which the relative frequencies of identifiable remains represent the proportion of prey types eaten is usually unknown (Weaver 1993) . Problems relating to incomplete consumption, differential prey digestibility, and the fact that a single prey item may be expressed in several scats have been discussed in the literature (Andelt 1985; Weaver 1993) . Weaver (1993) concluded that, based on scat analysis alone, small prey are overrepresented in biomass and underrepresented in numbers compared with larger prey species.
To compensate for this shortcoming, and to allow a more realistic analysis of actual prey consumption, we converted the percent volume of prey items in scats to percent biomass ingested following the methods of Weaver (1993) . Fruit percentages were halved after Andelt and Andelt (1984) . We subsequently converted this into the relative number of deer and hare consumed using the average mass of adult and fawn deer and snowshoe hare during each time period (adult deer 68 kg (Banfield 1987) , deer fawn 3.5 kg at birth (Mathews 1989) and an assumed mass gain of 252 g/day from birth through autumn (Brundige 1993) , and snowshoe hare 1.4 kg (Litviatis and Mautz 1980) ). We assumed that adult deer and deer fawns contain 80 and 90% edible biomass, respectively. Coyotes generally eat snowshoe hare whole (Patterson 1995) .
The frequencies of major food items in the diet of coyotes were compared among study areas and periods using a χ 2 analysis (Zar 1996) . In QC, the collection of scats spanned 5 years. Preliminary analyses indicated that the diet of coyotes had changed considerably within this area after January 1995 (χ 2 = 129, P < 0.001, df = 2). Therefore, we divided the scats collected in QC into two distinct periods: July 1992 -December 1994 (Q1) and January 1995 -March 1997 (Q2).
To examine the relationship between mammalian prey density and fruit consumption, we correlated the percentage of scat volume composed of fruit during August-September with the relative density of deer and hare in each territory.
Coyote functional response and evidence for prey switching
We calculated the number of adult deer, deer fawns, and hares eaten per coyote during the December-March and June-July time intervals using the following formula:
where N 1 is the number of prey item 1 that were eaten, T is the number of days in the interval, B 1 is the percentage of total biomass consumed specific to prey item 1, C is the daily caloric requirement (kilocalories) of an average coyote, K 1 is the energetic content (kilocalories per kilogram) of prey item 1, and M 1 is the edible biomass (kilograms) of prey item 1. The daily caloric requirement of an average coyote was calculated following Pekins (1992) assuming that (i) the average mass of a coyote is 16 kg (Sabean 1993) , (ii) coyotes spend approximately 50% of their time active and approximately 50% resting (Patterson et al. 1999) , and (iii) coyotes travel an average of 20 km/day (Patterson et al. 1999) . The energetic content of fresh deer and hare meat from Litviatis and Mautz (1980) was used in all calculations.
Pearson's partial correlations (Zar 1996) were used to examine the contributions of the relative densities of deer and hare to the number of each prey consumed per coyote within each territory during winter. Partial correlations were also used to examine the influence of deer and hare density on deer consumption during June-July, the period when predation on fawns is greatest (Harrison and Harrison 1984) . Only territories for which we analyzed >20 scats during each interval were included in this analysis. We determined the functional response by fitting all significant (P < 0.05) correlations using both a linear function (representative of a type I response) and the hyperbolic Michaelis-Menton function (the mathematical equivalent to Holling's (1959) disk equation, representative of a type II response (Real 1977) ). The MichaelisMenton function takes the form y = ax/(b + x), where y is the per capita killing rate, x is prey density, a is the asymptotic killing rate when predators are fully satiated, and b is the prey density at half the maximum killing rate. A type III functional response can be described simply by adding an exponent to the variable x (Real 1977) . All three types of equations were fitted to the data using a Marquardt-Levenberg algorithim (a least-squares technique; Press et al. 1986 ). Model fitting was conducted with the software program SPSS 6.1 (SPSS statistical software, SPSS Inc., Chicago, Ill.). Statistical testing of each model was based on the coefficient of multiple determination (Zar 1996) . A significant improvement in fit by a type III functional response relative to a type II response was considered indicative of prey switching.
Prey switching has also been assessed by comparing the relative use versus availability of alternative prey types (Greenwood and Elton 1979; Hughes and Croy 1993) . Assuming that e 1 and e 2 are the numbers of two prey types eaten from a population of A 1 and A 2 available, the ratio e 1 A 2 /e 2 A 1 should remain constant as A 1 /A 2 changes, if prey are consumed nonselectively and in proportion to their abundance (Greenwood and Elton 1979) . We calculated the selectivity index e 1 A 2 /e 2 A 1 for territories in which >20 scats were analyzed during the December-March and June-July time intervals. A 1 and e 1 represented the numbers of hares available and eaten, respectively, and A 2 and e 2 represented the number of deer available and eaten, respectively. During winter, all deer were considered, but during June and July, only fawns were taken into consideration. Significant departures of the selectivity index from unity was determined by Student's t test (Zar 1996) or the MannWhitney rank sum test (Zar 1996) when the test for normality failed. Values significantly below unity indicated disproportionately high use of deer, and values above unity indicated disproportionately high use of hare. We used Spearman's rank correlation (Greenwood and Elton 1979; Zar 1996) to determine whether the selectivity index changed as a function of A 1 /A 2 . We considered a significant positive correlation between the selectivity index and the hare to deer abundance ratio (A 1 /A 2 ) to be indicative of prey switching. Because it should be easier for coyotes to capture hare than deer, we hypothesized that coyotes would respond primarily to changes in hare abundance. Specifically, we hypothesized that relative to the availability of both deer and hare, coyotes would eat proportionately more deer than hare when the hare to deer abundance ratio was low and proportionately more hare than deer (switch to hare) as the ratio increased.
Deer and hare distribution and abundance
Relative to QC, both deer and hare density estimates were consistently higher throughout the CB study area (Tukey's test, Q > 3.85, P < 0.001) (Fig. 3) . Deer densities declined in both study areas between 1992 and 1995 and appeared to have stabilized or increased slightly between 1995 and 1997 (Fig. 3a) . Abundance rankings suggested that the relative hare density in CB had almost tripled from 1992 through 1997 (Fig. 3b) . Although hare numbers in QC had also increased significantly during this period (r 2 = 0.65, P = 0.02), they did so at a considerably slower rate (Fig. 3b) .
Within the CB study area, hare pellet densities during the winters of 1996 and 1997 were significantly higher in the CBH area (Tukey's test, Q = 20.05, P < 0.001) ( Table 1) than in the CBL area. From May through November, deer appeared to be evenly distributed throughout all study areas. However, there was a pronounced difference in deer density between CBH and CBL during winter (Tukey's test, Q = 12.35, P < 0.001) ( Table 1) . In early winter, most deer migrated from the CBH area to wintering grounds in CBL (Fig. 2) (MacDonald 1996) . Because most deer that migrated deposited pellets in CBH during November and December, the differences in deer densities among territories from January through March were even more pronounced than indicated by the pellet counts (Fig. 2) .
During the aerial survey, other tracking flights, and ground tracking, we intensively scanned the CBH area for the presence of deer. During January-March 1996-1997, we estimated that there were eight or fewer deer remaining in a 40-km 2 area centered on the River Denys Mountain territory (estimated density ≤ 0.2/km 2 ). Similarly, we estimated that there were no more than 25 deer within a 40-km 2 area centered on the Skye Mountain territory (estimated density ≤ 0.6/km 2 ). Overall, we estimated that there were approximately 60-80 deer wintering within the 375 km 2 of highland area surveyed (estimated density 0.16-0.21/km 2 ). These deer were not distributed equally, but were concentrated in small pockets (Fig. 2) . We adjusted the deer pellet group estimates for the CBH area based on the results of these surveys (Tables 1 and 2).
Overall, the CBH area had high hare densities with only a few scattered pockets of deer during winter. In contrast, the CBL area contained moderate hare densities and relatively high deer densities year-round. The QC study area had considerably lower, and more uniform, densities of both deer and hare year-round (Fig. 3) .
Food habits
We identified the contents of 2443 coyote scats collected during all months of the year (Table 3) . Coyotes consumed a minimum of 35 different prey items (18 wild mammals, 3 reptiles, 1 amphibian, 4 birds, domestic livestock, cats and dogs, 6 species of wild berries, and other vegetation). Diet was most diverse during late summer and most restricted during winter and reflected seasonal changes in the availability and abundance of common food items (Table 3) .
Together, deer and hare represented from 66 (Q1) to 81% (CBL) of the total annual scat volume (Table 3) . Other important food items included small mammals (6.5-12% of the total annual scat volume) and fruits during late summer through early fall (5.6-30% of scat volume). Deer was the Note: Numbers in parentheses show the number of sampling plots. a Although we counted all deer pellets deposited after November 1, most deer had migrated from the CBH area by early January, when the bulk of winter fieldwork began. Therefore, the winter pellet counts overestimated the density of overwintering deer in CBH. The density estimates presented here are based on aerial and ground surveys and should better represent the actual winter densities of deer. The unadjusted density estimates based on the pellet surveys are as follows: Roseburn 1996, 1.4 ± 0.7 (6); Skye Mountain 1997, 1.3 ± 0.5 (8); River Denys Mountain 1997, 3.0 ± 0.7 (7). Table 1 . Relative winter density estimates (mean ± SE) and estimated number of snowshoe hare and white-tailed deer consumed per coyote within nine territories located in the Queens County (QC) and Cape Breton Lowlands (CBL) and Highlands (CBH) study areas, Nova Scotia, winter 1996 Scotia, winter -1997 single most important food item in Q1 (53% of the total annual scat volume, 63% of the biomass originally consumed), whereas deer and hare each represented 34% of the total annual scat volume (47 and 24% of the total biomass originally consumed) in Q2. This difference was significant (χ 2 = 129, P < 0.001) ( Table 3 ), indicating that the use of deer declined and that of hare increased between periods in QC. Although prey densities changed only slightly between Q1 and Q2 (Fig. 3) , there was much more snow accumulation in QC during the winters of 1993 and 1994 relative to the winters of 1995-1997.
In Q1 and Q2, the use of deer was highest from December through May and lowest during late summer (Table 3) . In CBH and CBL, the use of deer was highest during June and July and lowest during spring and fall (Table 3 ). The use of hare was relatively consistent throughout the year except during early summer, when fawns replaced hare in the diet (Table 3 ). The percentage of total scat volume composed of hare was greater than that composed of deer in both CBH and CBL (56 vs. 23% and 43 vs. 38%, respectively). However, the biomass of deer actually consumed was greater than that of hare in CBL (52 vs. 31%) ( Table 3) . On an annual basis, coyotes consumed from 7.4 (Q1) to 89 (CBH) hares for every deer consumed (Table 3) .
Fawns composed 23-34% of the total biomass consumed by coyotes during June and July (25.1-37.8% of total scat volume) ( Table 3 ). The utilization of fawns during summer was highest in Q1 and lowest in CBH (Table 3) . However, during June and July the consumption of fawns exceeded that of hare in all areas, despite very high hare densities in CBH (Table 3) . Based on the average body mass of fawn and adult deer, coyotes consumed five or six fawns for every adult deer during June and July (Table 3) . Insect larvae (the undigested cuticles of maggots) were rarely observed in scats containing the remains of fawns, suggesting that most young fawns were killed rather than scavenged (Messier et al. 1986 ). Fawn consumption declined by >50% in all areas during late summer, when fruit became an important food item (Table 3) .
The use of fruit in late summer was greatest in QC and least in CBH. Although we could not quantify the relative availability of fruits among study areas, wild berries were common in all areas. In each study area, the use of fruits declined with increasing densities of deer and (or) hare (Table 3). However, the volume of fruit in scats collected during late summer was not significantly correlated with relative density of either deer or hare (deer: r = 0.31, P = 0.31, df = 6; hare: r = 0.66, P = 0.18, df = 6).
Coyote functional response and evidence for prey switching
The relative numbers of deer and hare consumed per coyote per territory during winter and summer are shown in Tables 1 and 2 . During winter, the relative number of deer consumed per coyote decreased significantly with increasing hare density (partial correlation, r = -0.73, P = 0.04, df = 6) ( Fig. 4a) but not with deer density (r = 0.58, P = 0.13, df = 6). Although partial correlation analysis suggested that hare density exerted a greater influence on coyote feeding habits during winter than deer density, coyotes did exhibit a positive functional response to increasing deer density (MichaelisMenton model, r = 0.79, P = 0.01) (Fig. 4b) . A type III functional response of the general form described by Real (1977) , y = bx c /(a + x c ), did not improve the fit (best model, r = 0.79, P = 0.01, df = 8). The number of hare consumed per coyote during winter increased with increasing hare density (partial correlation, r = 0.84, P = 0.009, df = 6), but this did not change with deer density (r = -0.19, P = 0.65, df = 6). A linear model was the best descriptor of this relationship (r = 0.88, P = 0.002) (Fig. 5) .
Partial correlation analysis also revealed that during June and July the number of hare consumed per coyote increased significantly with relative hare abundance (partial correlation, r = 0.98, P = 0.002, df = 3), with the MichaelisMenton model providing a significantly better fit (r = 0.75, P = 0.01, df = 5) (Fig. 6 ) than the linear model (r = 0.70, P = 0.12, df = 4). The number of fawns consumed per coyote during June and July may have been negatively correlated with relative hare abundance (partial correlation, r = -0.77, P = 0.13, df = 3) but not with deer density (r = -0.44, P = 0.46). The number of adult deer consumed per coyote during June and July was not significantly correlated with either deer or hare density (P > 0.26).
During winter, the mean value of the selectivity index (e 1 A 2 /e 2 A 1 ) was 1.7 ± 0.5 (n = 9), suggesting a disproportionately high use of hare; however, this value was not sig- Note: Numbers in parentheses show the number of sampling plots. a We estimated the density of hare and deer within territories during summer 1996 by averaging the density estimates obtained during the winters of 1995-1996 and 1996-1997. b Because approximately 60% of the deer wintering in the Eden deer-wintering area were seasonal migrants from other areas, we multiplied the winter deer density estimates for the Eden territory by 0.4 to estimate summer densities. Table 2 . Relative summer density estimates (mean ± SE) and estimated number of snowshoe hare and white-tailed deer consumed per coyote within six coyote territories located in the Queens County (QC) and Cape Breton Lowlands (CBL) and Highlands (CBH) study areas, Nova Scotia, June-July 1996.
nificantly greater than unity (t = 1.52, P = 0.17, df = 8). Contrary to our prediction, the selectivity index decreased significantly as the abundance ratio of hare to deer (A 1 /A 2 ) increased (r s = -0.72, P = 0.02, df = 9) (Table 2, Fig. 7a) . Thus, although the utilization of hare increased and use of deer decreased significantly with increasing hare density (Figs. 4a, 5 , and 6), coyotes ate proportionately more deer and fewer hare at high hare densities and (or) low deer densities than would be expected if they fed on deer and hare in proportion to their respective abundance. This observation was further supported by the fact that coyotes in the CBH territories (n = 3), which contained the highest hare and lowest deer densities during winter, ate proportionately more deer than all other groups combined (t = -2.4, P = 0.04, df = 7). Although coyotes ate more deer and fewer hare (relative to the abundance of deer and hare) as the ratio of hare to deer increased, the selectivity index did increase significantly (coyotes ate proportionately fewer deer) with increasing deer density (r s = 0.79, P = 0.006, df = 9). Further, there was no correlation between the selectivity index and hare density (r s = -0.48, P = 0.17, df = 9) ( Table 1) . This indicates that low deer densities, rather than high hare densities, were primarily responsible for the significant negative correlation between the selectivity index and the abundance ratio of hare to deer.
During June-July, the mean value of the selectivity index was 0.6 ± 0.2 (n = 6) ( Table 2) , suggesting an overall preference for fawns over hare. However, although the selectivity index was less than unity in five of the six territories (Table 2), the mean value was not significantly different from unity (t = -2.36, P = 0.07) ( Table 2 ). The selectivity index during June-July also decreased as the abundance ratio of hare to deer increased (r s = -0.81, P = 0.06, df = 6) ( Table 2 , Fig. 7b ).
The eastern coyote has been described as a generalist predator (Messier et al. 1986; Parker 1986; Morton 1988; Brundige 1993; Patterson 1995) . Generalist predators have little need to distinguish individual prey species and are expected to feed nonselectively (Cornell 1976) . However, the documentation of switching behaviour among several generalist predators does not support this conclusion (Murdoch 1969; Cornell 1976; Akre and Johnson 1979) . Deer and hare were the principal food items in this study, and there was a a By mid-August, it was difficult to distinguish the hair of fawns (<1 year of age) and adult deer in scats. Therefore, total deer from September through May was apportioned on the basis of the adult to fawn ratio of coyote-killed deer examined during winter snow-tracking.
b Primarily red squirrels (Tamaisciurus hudsonicus), eastern chipmunks (Tamais striatus), meadow voles (Microtus pennsylvanicus), and red-backed voles (Clethryonomys gapperi).
c Primarily porcupines (Erithrizon dorsatum, QC only),, raccoons (Procyon lotor), beaver (Castor canadensis), and muskrat (Ondatra zibethicus). d Primarily cows (Bos taurus), goats (Capra hircus), and pigs (Sus scrofa). e Percent volume in scats was converted to percent biomass ingested as described by Weaver (1993) . Fruit percentages were halved after Andelt and Andelt (1984) . Assumed whole-prey masses (kg) were as follows: adult deer, 68; deer fawn, 9.7, 19.2, and 27 for June-July, August -September 15, and September 16 -May, respectively; snowshoe hare, 1.4; small rodents, 0.05; other wild mammals, 6.0; domestic livestock, 100. Table 3 . Comparative food habits of coyotes using scat analysis in the Queens County (Q1, July 1992 -December 1994 Q2, January 1995 -March 1997 and Cape Breton Highlands (CBH, January 1995 -March 1997 and Lowlands (CBL, January 1995 -March 1997) study areas.
pronounced functional response by coyotes to changes in the density of both species. In areas where they were readily available, coyotes fed predominantly on hare and utilization of deer declined as hare density increased. However, we could not identify a traditional switch in prey selection (Murdoch 1969; Akre and Johnson 1979) in relation to the relative abundance of each prey species. Although use of hare increased and that of deer decreased with increasing hare densities, the responses were not proportional to the changes in the relative densities of each species (Tables 1  and 2 , Fig. 7 ). This was particularly evident at low deer densities, where even in the presence of high hare densities, coyotes continued to feed on disproportionately higher numbers of deer (Tables 1 and 2, Fig. 7) . The high use of deer appeared to be facilitated by increased deer vulnerability in deep snow during winter and the inability of fawns to escape during summer. Nutritionally, deer meat contains more fat than snowshoe hare meat (Litviatis and Mautz 1980) and represents a larger package of food when available (Pekins and Mautz 1990) . The data support the conclusion that although coyotes should be considered generalists, they prefer to feed upon deer rather than hare, when available, presumably because of higher profitability.
Features of the functional response to changes in deer and hare abundance
A type I (linear) response to increasing hare densities was observed during winter (Fig. 5 ) and suggests that hare might represent an even greater portion of the diet at higher hare densities than we observed. However, during June and July, a type II functional response was observed with increasing hare density (Fig. 6) , suggesting that hare consumption rates would not increase much further with increasing hare density. While snowtracking, we noticed that although hare were usually consumed completely in the QC area, incomplete consumption was common in CBH (B.R. Patterson, unpublished data). Thus, coyotes in CBH appeared to be satiated during winter. Coyotes continued to feed on a disproportionately higher amount of deer, even during low deer densities. In CBH, hare may have provided the energetic base for coyotes to pursue alternative prey, namely deer. Thus, eastern coyotes may not switch from deer to hare when hare density increases if larger alternative species remain available, as a result of factors other than abundance.
The preceding discussion identifies an important limitation of the use versus availability model employed to quantify prey selection. Although the model assumes that deer and hare are equally vulnerable and deer exhibit equal vulnerability throughout the year, such is not the case (Messier and Barrette 1985; Parker and Maxwell 1989; Patterson 1994) . Differences in social behaviour (Messier and Barrette 1982) and learning (MacCracken and Hansen 1987) may also have influenced coyote feeding habits and confounded our analysis.
The response by coyotes to increasing deer density was less pronounced than the response to hare density, probably because deer vulnerability, not just density, was a critical factor determining killing rates of deer (Messier and Barrette 1985; Patterson 1994) . Deer consumption in areas where hare were readily available was associated with increased deer vulnerability due to deep snow conditions (B.R. Patterson, unpublished data) . In areas of lower hare abundance, deer represented a significantly larger portion of the diet throughout the year. A significant decrease in deer use between Q1 and Q2 occurred despite only a minor increase in hare numbers. The high use of deer by coyotes in Q1 was due to increased deer vulnerability during two consecutive harsh winters (1993 and 1994) (Patterson 1994 (Patterson , 1995 . Winters are generally mild in this region and deer typically remain distributed throughout the entire area. When deep snow occurs, deer may be particularly vulnerable to predation (Patterson 1994) . Between 1995 and 1997, QC experienced relatively mild winters (B.R. Patterson, unpublished data). We suspect that during most winters, coyotes in QC are forced to focus their hunting efforts on hare and (or) other small mammals, despite low hare densities, because of low vulnerability of deer. However, when severe winter conditions do occur, coyotes switch to feeding mainly on deer (Table 3) . Parker and Maxwell (1989) documented a similar switch related to deer vulnerability in northern New Brunswick. Although the consumption of hare increased with hare density during June and July (Fig. 6) , the consumption of fawns exceeded hare in all areas. In relation to the relative abundance of deer and hare, coyotes fed on a disproportionate number of fawns in five of six territories (Table 2) . Harrison and Harrison (1984) speculated that it was more energetically efficient for adult coyotes attending pups to kill and transport fawns than other smaller prey items. The relatively low density of deer and the high use of fawns by coyotes in QC suggest that summer predation may have a substantial limiting effect on deer populations. Further research is needed to quantify the impact of coyote predation on fawns and deer population dynamics in the northeast. Tremblay et al. (1998) and Samson and Crête (1997) suggested that in forested regions of the northeast, wild berry consumption increased with decreasing availability of mammalian prey. Although no significant relationship between the density of either deer or hare and the use of fruit was found, low sample sizes may have influenced this result. Wild berries were readily available in all study areas, and yet, utilization declined sharply in areas with high densities of snowshoe hare (Table 3) . Andelt and Andelt (1984) reported that fruits were approximately 50% as digestible as most mammalian prey. The nutritional value of wild berries as a food item for coyotes is unclear; however, as wild berries are available in large quantities and contain high amounts of carbohydrates (Robbins 1983) , they may be of important caloric value during certain times of the year. Nonetheless, mammalian prey would be nutritionally superior to wild berries and probably represents a preferred food source. As high fruit use appeared to be associated with decreased prey availability, fruit probably did little to buffer predation on deer or hare.
Fruit as a potential buffer food

Role of prey switching in the diet of the eastern coyote
Predation was not proportional to the changes in the relative densities of deer or hare, and we could not demonstrate switching in the traditional sense. However, coyotes did exhibit pronounced functional responses to changes in hare and deer abundance. Differences in the relative and seasonal vulnerabilities of deer and hare and the potential influences of learning and social behaviour appear to have complicated the functional response of coyotes such that they fed disproportionately on deer when deer became increasingly vulnerable. In conclusion, prey switching by eastern coyotes may be influenced by changes in prey diversity, abundance, and vulnerability. In areas where deer and hare are principal prey items, predation on deer may increase sharply with increased snow depth or when hare and (or) deer numbers decline. However, an understanding of the effects of the densities of major prey species on the numerical response of eastern coyotes is essential for an assessment of the effects of coyote predation on white-tailed deer. Fig. 7 . Prey selectivity index (e 1 A 2 /e 2 A 1 , where e 1 and e 2 are the numbers of snowshoe hare and white-tailed deer eaten from a population of A 1 and A 2 available) in relation to the relative abundance of snowshoe hare and white-tailed deer (A 1 /A 2 ) during winter (December-March) (a) and June-July 1996 and 1997 (b) . The broken lines (slope = 0, y intercept = 1) indicate the expected trends if coyotes fed nonselectively on deer and hare.
